The synthesis of perfluoro-3-methylene-2, 4-dioxabicyclo [3, 3, 0] 
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Introduction
Perfluorinated polymers such as Teflon AF  , Cytop  and Hyflon AD  (Scheme 1), 1-3 marketed by DuPont, Asahi Glass, and Solvay Solexis, respectively, are completely amorphous cyclic polymers and contain no hydrogen atom. They exhibit remarkable properties such as a high thermal stability, an excellent near infrared transparency, and negligible absorption losses at most wavelengths. However, their preparations are complicated and costly. In addition, the glass transition temperature (T g ) of Cytop® is relatively low (~100 o C). Thus, it was of interest to prepare novel perfluorinated polymers that contain a dioxolane structure to increase their amorphousness, transparency and their glass transition temperature (T g ).
(insert Scheme 1)
Our goal lies on the synthesis of various perfluoro 4-and 4,5-substituted 2-methylene-1,3-dioxolane monomers, [4] [5] [6] [7] and the structures of some monomers are shown in Scheme 2. These Scheme 2) was synthesized. Since a cyclopentyl group is more rigid comparing to alkyl and cyclohexyl groups, the polymer prepared from this monomer should exhibit a higher T g than those from monomers A, B, and C.
(insert Scheme 2)
The objectives of this article deal with the synthesis of monomer D, its free radical homopolymerization and copolymerizations with various commercially available fluorinated vinyl monomers. In a second step, the physical properties of the polymers obtained have been investigated. FTIR spectra were obtained with a Perkin-Elmer FTIR-1600 spectrometer, accuracy 2 cm -1 .
Experimental
Differential Scanning Calorimetry (DSC) measurements were carried out using a DSC 2920 Monomer Synthesis: The synthetic route for this monomer D is shown in Scheme 3.
(insert Scheme 3)
The cyclopentane derivative (1 in Scheme 3) was prepared by condensation of 2-chlorocyclopentanol with methyl 3,3,3-trifluoropyruvate analogously to preparation of 2-carboxymethyl-2-trifluoromethyl-1, 3-dioxolane. 8 Crude product was fractionally distilled, and a Fluorination of 1 in a fluorinated solvent was performed using fluorine diluted with nitrogen.
Solvent and low boiling byproducts were distilled off after fluorination, and the product was neutralized with aqueous potassium hydroxide. Concentrated solution of the potassium salt was treated with cold diluted sulfuric acid. Isolated crude acid was purified by fractional distillation and a colorless liquid was obtained at 106. The copolymerizations of monomer D with PPVE, PMVE, and VDF were carried out similarly.
Results and Discussion
Polymerizations of monomer D were carried out under various conditions in bulk using perfluorodibenzoyl peroxide as a free radical initiator at 60~80 (insert Table 1) To remove unreacted monomer and some oligomer, polymers obtained were dissolved in hot hexafluorobenzene and precipitated out from dichloromethane. The purified polymers have high Table 2 .
(insert Table 2 )
As can be seen from Table 2 , the mono-substituted 2-methylene-1,3-dioxolane (A) was more reactive (9-10 times) than those di-substituted monomers (D, B and C). The decrease in the reactivity of di-substituted monomers may be due to the electron withdrawing property and the steric hindrance of the perfluoroalkyl substituents. Electron density of the double bond in particular monomers may be characterized by difference between chemical shifts of CF 2 = and C= carbon atoms in 13 C NMR spectra. Interestingly, a linear relationship between the polymerization rate of the dioxolane monomers and the ( CF2= - C= ) value can be noted ( Figure   1 ).
(insert Figure 1) The films prepared by casting from hexafluorobenzene solution were highly optical transparent, but slightly hard and brittle. It is well known that perfluoropolymers such as poly(2,2-bis(trifluoromethyl)-4,5-difluoro-1,3-dioxole and poly(2,2,4-trifluoro-5-trifluoromethoxy-1,3-dioxole) are amorphous, but they are brittle and difficult to process into final products because of poor melt flow property and low solubility in organic solvents. When they were copolymerized with tetrafluoroethylene, the resulted copolymers were flexible and processable. 1, 3 The homopolymer of the monomer D reported here was also hard and brittle. Thus, to improve the properties of the resulting polymer, the copolymerization of the monomer D with various fluorovinyl monomers such as CTFE, PPVE, PMVE and VDF were carried out (Scheme 4).
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(insert Scheme 4)
To our knowledge, this is the first time that such perfluorodioxolanes have been copolymerized with aforementioned fluoroolefins. As can be seen from Table 3 , monomer D content in the copolymer produced was much higher than the feeding ratio with vinyl monomers, which
indicates that the dioxolane has a higher reactivity than those of these vinyl monomers.
(insert Table 3 Figure 2 .
(insert Figure 2) The copolymers prepared were soluble in fluorinated solvents such as hexafluorobenzene and perfluoro-2-butyltetrahydrofuran (Fluorinert ® FC-75), with various T g (84-145 o C) depending on the copolymer composition and a relatively high thermal stability.
(insert Figure 3) hal-00447611, version 1 -15 Jan 2010 Figure 3 shows the T g of monomer D/CTFE copolymer versus the composition of poly(CTFEco-comonomer D) copolymers. T g of copolymers can be generally described by the Gordon-
where w 1 and w 2 are weight fractions of both monomeric units in the copolymer, T g , T g1 and T g2 are the glass transition temperatures of the copolymers and of both homopolymers, respectively, and k is a fitting constant, linked to the interaction parameter. k = 1 means that there is no strong interactions between both monomeric units and the T g of the copolymer should be linearly (insert Figure 4) (insert Figure 5) (insert Figure 6) (insert Table 4) The refractive indexes of the copolymer films obtained by a solution casting are summarized in Table 4 . These films were flexible, clear, transparent and relatively strong. Detailed mechanical and membrane properties of these copolymers are currently under investigation. 
Conclusions

